Three experiments of pseudoword reading assessed whether stress assignment affects reading aloud at the level of articulation planning. In Experiment 1 (immediate reading) both stimulus length (in syllables) and stress type affected reading latency and accuracy. Italian pseudowords were named faster and more accurately when they were assigned stress on the antepenultimate rather than on the penultimate syllable. In Experiment 2 (delayed reading) reading aloud of the same stimuli was not affected by length but was still affected by stress type, with shorter latencies for pseudowords stressed on the antepenultimate syllable. Experiment 3 replicated the results of the first two experiments with new materials and with a tightly controlled procedure. These results indicate that stress assignment exerts an effect in a processing component where articulation is planned since articulation cannot start until stress is assigned. Our results also suggest that, in reading aloud, the minimal planning unit for articulation is smaller than the whole stimulus, including the first syllable up to the stressed unit.
A comprehensive understanding of reading processes must include understanding of how stress assignment works and at which levels of computation. Research in polysyllabic languages, such as English or Italian, reported much evidence on how readers retrieve or assign stress based on orthography (e.g., Arciuli & Cupples, 2006; Burani & Arduino, 2004; Burani, Paizi, & Sulpizio, 2014; Colombo, 1992) and how this process develops when learning to read (Arciuli, Monaghan, & Ševa, 2010; Sulpizio & Colombo, 2013 ; for a review, see Sulpizio, Burani, & Colombo, 2015) .
However, stress assignment may impact reading processing not only with regard to the retrieval of phonological information or in terms of orthography-to-phonology mapping. Since articulation of a word cannot start until it has received stress, stress assignment may also affect the process of articulation planning. Reading a stimulus requires computing stress information separately from segmental information, and the active stress pattern has to be associated before articulation to the stimulus' phonemes. Thus, stress may affect reading latency in terms of the time needed to identify the correct metrical structure and to assemble it with the segmental content (Sulpizio, Job, & Burani, 2012) .
Stress computation may also affect the reading process further downstream, that is, during articulatory planning of the response, when the assembled phonological codes are converted into articulatory programs. This idea has been recently tested in a reading aloud study conducted in Italian (Sulpizio, Arduino, Paizi, & Burani, 2013) , a language in which stress position is neither fixed nor governed by rules. 1 In Experiments 3 (three-syllable items) and 4 (four-syllable items), Sulpizio and colleagues (2013) asked participants to read pseudowords aloud by assigning them either stress on the penultimate (e.g., binTOro, cofePOla; capital letters indicate stress) or the antepenultimate syllable (e.g., BINtoro, coFEpola), which are the two main stress patterns in Italian. 2 Although antepenultimate stress is not the dominant stress in Italian, participants read pseudowords faster when assigning stress on the antepenultimate rather than on the penultimate ones. To explain this finding, Sulpizio and colleagues (2013) proposed that stress computation may affect reading latency during the process of stimulus articulation. When reading polysyllables, participants would buffer a partial articulatory representation of stimuli that proceeds from the first up to the stressed syllable. Thus, assigning stress to the antepenultimate syllable would require the articulatory planning of a shorter unit than assigning stress to the penultimate syllable, with faster pronunciation times for the former than for the latter. This idea is in line with the speech production literature, which suggests that during phonological encoding, segments are associated to a metrical frame through a serial rightward incremental process (e.g., Roelofs, 2004 ; for a similar assumption in the case of reading, see, e.g., Malouf & Kinoshita, 2007) , and as soon as the first syllable has been created, the corresponding articulatory code is accessed and stored in an output buffer (Levelt, Roelofs, & Meyer, 1999) . Thus, if we assume with Roelofs (2004) that speech production and reading aloud may share, at least in part, the last components of processing, and that models of speech production and reading aloud might be merged at the level of phonological encoding, then similar processing assumptions can be made for the latest stages of speech production and reading aloud in which readers must determine stress position before starting articulation.
The present study is a follow-up of that by Sulpizio and colleagues (2013) , with the aim to focus on the locus of the stress effect reported by Sulpizio and colleagues (2013) -that is, faster pronunciation times for antepenultimate-than penultimate-stress stimuli. The question we address here is the following: Does such stress effect originate during articulatory planning of the stimulus, or does it rather arise earlier in processing? To answer this question we ran three reading aloud experiments, in which participants read three-and four-syllabic pseudowords aloud by assigning them the antepenultimate or penultimate stress. Experiment 1 and 2 differed from each other only in the procedure we adopted, that is, immediate and delayed reading aloud, respectively. The comparison of the effects following the two procedures may help us to identify the locus of the stress effect. We used delayed reading because this task is assumed to tap into the processing component of articulation planning, with readers being able to preprocess the stimulus up to response execution (e.g., Balota & Chumbley, 1985; Ferrand, 2000; Forster & Chambers, 1973; Ghyselinck, Lewis, & Brysbaert, 2004; McCann & Besner, 1987; Zoccolotti, De Luca, Judica, & Burani, 2006) . Experiment 3 served the purpose of validating the results of the first two experiments: to this aim, we used a new set of stimuli and a different design in which we asked participants to perform both the immediate and the delayed tasks.
A further difference between the present study and the (immediate) reading study of Sulpizio and colleagues (2013) is that in the present experiments three-and four-syllable pseudowords were presented in the same experiment. The orthogonal manipulation of stress type and stimulus length (in terms of syllable number) allowed us to outline clear-cut predictions for the immediate and delayed conditions, respectively. Let us consider immediate reading aloud first (Experiment 1 and part of Experiment 3). Based on previous evidence, we expected that both stress type (antepenultimate vs. penultimate stress) and stimulus length (three vs. four syllables) would affect pronunciation times-with participants being faster when assigning antepenultimate rather than penultimate stress to pseudowords , and when reading three-syllable rather than four-syllable pseudowords (Ferrand, 2000) -because stimulus length affects reading up to the stimulus' phonological encoding (e.g., Ferrand, 2000; Rastle, Havelka, Wydell, Coltheart, & Besner, 2009) , whereas stress type would affect the stimulus' articulatory planning, where the assembled phonological word is planned to be executed .
For the delayed condition (Experiment 2 and part of Experiment 3), a different pattern may be expected. The execution of a delayed response would allow participants computing the stimulus up to articulatory planning, with the consequence that the stimulus phonological encoding would be concluded at the time of responding and the length effect canceled (Ferrand, 2000; Weekes, 1997) . The prediction for the stress type effect might be twofold: If stress assignment affects the stimulus' articulation planning, then the effect should occur also in the delayed procedure; alternatively, if the effect arises somewhere before articulatory planning of the stimulus-for example, during the computation of phonological codes or in the segment-to-metrical frame association-it should be canceled by the response delay.
Experiment 1-Immediate Reading Aloud

Method
Participants. Thirty university students (26 female, mean age: 22.8, sd: 6.14) took part in the experiment. They were all Italian native speakers with normal or corrected-to-normal vision.
Materials and design. The same materials as in Experiments 1, 3 , and 4) were used. There were two sets of three-syllable and four-syllable pseudowords, respectively. For each set, half pseudowords had an antepenultimate stress neighborhood-that is, they ended with a sequence shared by a majority of words bearing antepenultimate stress (e.g., -ola as in pentola "pot, bambola "doll")-and half had a penultimate stress neighborhood-that is, they ended with a sequence shared by a majority of words bearing penultimate stress (e.g., -oro as in lavoro "work," tesoro "treasure"; Burani & Arduino, 2004) . In both sets, pseudowords with penultimate-and antepenultimate-stress neighborhood were matched for two initial phonemes. Each experimental set contained 40 pseudowords. Three-syllable pseudowords had 6 -8 letters, whereas all four-syllable pseudowords had eight letters. All pseudowords had very few or no orthographic neighbors, similar orthographic complexity, and bigram frequency (for a summary of the stimuli characteristics, see Table 1 ). Stimuli were presented in four blocks, two of three-syllable and two of four-syllable items. Stimuli are reported in Appendix.
Procedure. Participants were instructed to read the stimuli that appeared on the computer screen by assigning a certain stress pattern (either on the penultimate or on the antepenultimate syllable), the same for all the trials of each block. A specific practice session (one for each stress pattern) was used to induce pronun- Note. Length is in number of letters; N size is calculated as the number of words that are obtained by changing the target's letters one at a time; N frequency is calculated as the summed neighbors' frequency (Wagenmakers & Raaijmakers, 2006) ; bigram frequency is log transformed on the basis of the natural logarithm. The measure of orthographic complexity is based on the number of c, g, sc, and gl letters that are present in a given word. These letters and letter clusters require the following letter context (contextual rules) to be assigned the correct pronunciation (see Burani, Barca, & Ellis, 2006 ). This document is copyrighted by the American Psychological Association or one of its allied publishers.
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ciation with the specific stress pattern (either on the penultimate or on the antepenultimate syllable). Each practice session consisted of two parts: The first part included 15 words (with either penultimate or antepenultimate stress, depending on the experimental block) and the second part included 18 pseudowords. In this second part (pseudoword reading), for the first five trials the letter that had to receive stress was presented in a different color (red) from the rest of the letters, to make sure that participants would assign stress to that position. The participants were then asked to pronounce all of the stimuli of the following block with the same stress as they had practiced during the practice session. Each participant read half of the experimental list applying penultimate stress and the other half of the list applying antepenultimate stress. The other half of the participants read the two halves of the lists applying the opposite stress patterns. Block order was arranged in such a way that participants always read the first two blocks by assigning the same stress pattern and the last two blocks by assigning the other stress pattern. The two blocks that received the same stress were each composed of three-syllable pseudowords and four-syllable pseudowords. Block order as well as the order in which participants were asked to assign each stress type (first penultimate or antepenultimate) were counterbalanced across participants. Stimulus order was automatically randomized within each block. Each trial started with a fixation cross centered on the screen (500 ms). Then, the stimulus was displayed and remained on the screen until participants began to read it aloud or for a maximum of 1,500 ms. The interstimulus interval was 1,500 ms. A voice key connected to the computer measured reaction times (RTs) in milliseconds at the onset of pronunciation, which were collected using E-Prime software. The experimenter noted reading errors.
Results
Invalid trials due to technical failures (or responses that exceeded the time limit as well as responses shorter than 200 ms) accounted for 4.04% of the data points and were discarded from the analyses. Pronunciation times and errors (13.2% of all data points, including both phonemic and stress errors) were both analyzed using mixed-effects models (Baayen, Davidson, & Bates, 2008; Jaeger, 2008) . The models were fitted using the lmer function (lmerTest package version 1.0; Kuznetsova, Brockhoff, & Christensen, 2013) in R software (version 3.1.0). In all analyses, a maximal random structure approach was used by including all the random effects when possible (i.e., intercepts and slopes of fixed effects for within factors; see Barr, Levy, Scheepers, & Tily, 2013) . Results are reported in Table 2 . In Table 2 and in all the subsequent tables that report the results of the experiments we present raw data means although analyses of latencies were based on log-transformed RTs (see below).
Reaction times. Only correct responses were analyzed. RTs were log transformed to reduce the skewness of the data (Baayen, 2008) . Since three-syllable and four-syllable pseudowords were not matched for initial phoneme, a phonetic characteristic that could affect the activation of voice key (Kessler, Treiman, & Mullennix, 2002) , in the analysis, we also included codings for the initial phoneme of the pseudowords. The initial phonemes were coded with dummy variables for voicing, manner, and place of articulation. In this way we were able to estimate the effects of stress type and stimulus length controlling for the variability due to the onsets of pseudowords. The mixed-effects model was run with RTs as dependent variable and phonemic features, stress type (antepenultimate vs. penultimate stress), and stimulus length (three vs. four syllables) as fixed factors. Results of the analysis are reported in Table 3 . The results for initial phoneme predictors are not discussed here because they are not of theoretical interest in the present study. The model showed a main effect of stress type: participants were faster when reading pseudowords with antepenultimate (665 ms) rather than penultimate stress (702 ms); the main effect of stimulus length was also significant, with readers being faster with three-syllable (660 ms) than four-syllable pseudowords (707 ms).
Pronunciation accuracy. A mixed-effects model was run with response correctness as dependent variable and stress type (antepenultimate vs. penultimate stress) and stimulus length (three vs. four syllables) as fixed factors. The model showed a main effect of stress type (␤ ϭ 1.10, SE ϭ 0.34, z ϭ 3.19, p ϭ .001), with participants being more accurate when reading antepenultimate rather than penultimate stress pseudowords. No further effect reached significance (stimulus length: z Ͻ 1, p Ͼ .9; stress type by stimulus length interaction z ϭ Ϫ2.44, p Ͼ .1).
Results of Experiment 1 show a stimulus length effect, with participants being faster when reading three-syllable than foursyllable pseudowords. Moreover, the study finely replicates the findings by , showing that pseudoword pronunciation was faster and more accurate when participants assigned antepenultimate rather than penultimate stress.
Experiment 2-Delayed Reading Aloud
In Experiment 2 we assessed whether stress assignment affects the planning of stimulus articulation. To this aim, we ran a second version of the previous experiment, by implementing a delayed reading procedure. Following the articulation planning hypothesis, we expected that stress type, but not stimulus length, would affect pronunciation times in the delayed condition, with participants being faster when assigning antepenultimate than penultimate stress to stimuli.
Method
Participants. Thirty university students (19 female, mean age: 22.2, SD: 2.82), all Italian native speakers with normal or corrected-to-normal vision, took part in the experiment. None had participated in the previous experiment.
Materials. The same stimuli were used as in Experiment 1. Procedure. Participants were instructed to read the stimuli on the computer screen by assigning a certain stress pattern (either on This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
the penultimate or on the antepenultimate syllable), the same for all the trials of each block. The same practice procedure as in Experiment 1 was adopted, except that participants were instructed to wait for a response cue before starting to produce the response. Each trial started with a fixation cross centered on the screen (500 ms). Then, the stimulus was presented for 1,500 ms, followed by the response cue ( ‫ءءءءءء‬ ) after an interval of 1,000 or 1,200 ms. The response cue was displayed until the participant started to read or for a maximum of 1,500 ms. The interstimulus interval was 1,500 ms. Using E-Prime software, a voice key connected to the computer measured RTs at the onset of pronunciation.
Results
Invalid trials due to technical failures (or responses that exceeded the time limit as well as responses shorter than 200 ms) accounted for 4.3% of the data points and were discarded from the analyses. Pronunciation times and errors (7.3% of all data points, including both phonemic and stress errors) were both analyzed using mixed-effects models Jaeger, 2008) . For random factors, a maximal random structure approach was adopted (Barr et al., 2013) . Results are reported in Table 4 .
Pronunciation times. Only correct responses were analyzed. As in the previous experiment, the analysis also included information about the initial phoneme of pseudowords to account for variability due to phonemic differences among stimuli. The mixedeffects model was run with log-transformed RTs as dependent variables (Baayen, 2008) Joint analyses of RTs. A further analysis was run to compare results of the two experiments and assess whether the effect of stress type was modulated by the experimental procedure. A mixed-effects model was run with log-transformed RTs as dependent variable and phonemic features of the pseudoword onsets, stress type (antepenultimate vs. penultimate stress), stimulus length (three vs. four syllables), and experimental procedure (immediate vs. delayed reading) as fixed factors. The introduction of phonemic features allowed us to control for their effect on pronunciation times. The results for initial phoneme predictors are not presented here. The model showed a main effect of experimental procedure (␤ ϭ 0.34, SE ϭ 0.05, t ϭ 6.03, p Ͻ .001), with participants being slower in the immediate rather than in the delayed reading experiment. The main effect of stress type was significant (␤ ϭ Ϫ0.05, SE ϭ 0.02, t ϭ Ϫ2.23, p ϭ .03), with participants faster when reading pseudowords with antepenultimate rather than with penultimate stress. Finally, stimulus length interacted with the experimental procedure (␤ ϭ 0.07, SE ϭ 0.03, t ϭ 2.54, p ϭ .01), with participants being faster when reading three-syllable rather than four-syllable pseudowords, but only when they performed an immediate reading task. No further effect reached significance (stimulus length: t ϭ Ϫ1.10, p Ͼ .2; experimental procedure ϫ stress type: t Ͻ 1, p Ͼ .6; stimulus length ϫ This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
stress type: t ϭ 1.32, p Ͼ .1; experimental procedure ϫ stimulus length ϫ stress type: t Ͻ 1). Joint analyses of response correctness. The same joint analyses run on RTs were also run on response correctness as dependent variable, to compare reading accuracy across experiments. The mixed-effects logistic model was run with stress type, stimulus length, and experimental procedure as fixed factors. The model showed a main effect of experimental procedure (␤ ϭ Ϫ0.69, SE ϭ 0.26, z ϭ Ϫ2.58, p ϭ .009), with participants being less accurate in the immediate rather than in the delayed reading experiment; the main effect of stress type was also significant (␤ ϭ 0.72, SE ϭ 0.28, z ϭ 2.56, p ϭ .01), with participants being more accurate when antepenultimate rather than penultimate stress to pseudowords was assigned. No further effect reached significance (stimulus length: z ϭ 1.60, p Ͼ .1; stimulus length ϫ stress type: z ϭ Ϫ1.34, p Ͼ .1; experimental procedure ϫ stimulus length: z Ͻ 1; experimental procedure ϫ stress type: z Ͻ 1; experimental procedure ϫ stimulus length ϫ stress type: z Ͻ 1).
Results of Experiment 2 show that the delayed response cancels the effect of stimulus length but not the stress type effect, which is still there when participants are asked to delay the articulation of their response. The absence of any interaction between stress type and experimental procedure in the joint analyses of the two experiments indicates that the stress effect is comparable in the two experiments.
In order to ascertain the solidity and generalizability of the stress type effect we ran a further experiment, that differed from previous experiments in two characteristics: (a) A new set of stimuli was adopted, and (b) in order to better account for individual differences related to the different experimental procedures we adopted, all participants were presented with both the immediate and delayed procedure. We also introduced a variation in the delayed procedure, by reducing the delay time from 1,200 to 500 ms. This modification in the delay was made in order to assess whether the stress effect could still hold when participants had less time to wait before pronouncing the stimulus, and therefore had less chance to refresh the stimulus trace before articulation.
Experiment 3-Within-Participants Design
Method
Participants. Thirty-two university students (23 female, mean age: 24.7, SD: 2.40), all Italian native speakers with normal or corrected-to-normal vision, took part in the experiment. None had participated in the previous experiments.
Materials. Two sets of three-syllable and four-syllable pseudowords, respectively, were constructed. For each set, half of the pseudowords had an antepenultimate stress neighborhood-that is they ended with a sequence shared by a majority of words bearing antepenultimate stress-and half had a penultimate stress neighborhood-that is, they ended with a sequence shared by a majority of words bearing penultimate stress. Pseudowords in the two sets, as well as pseudowords with penultimate-and antepenultimatestress neighborhood within each set, were matched for two initial phonemes. Each experimental set contained 80 pseudowords. Three-syllable pseudowords had six letters, whereas all foursyllable pseudowords had eight letters. All pseudowords had the same consonant-vowel (CV) structure, very few or no orthographic neighbors, and similar orthographic complexity and bigram frequency (for a summary of the stimuli characteristics, see Table 1 ). Stimuli were presented in eight blocks, four of three-syllable and four of four-syllable items. Stimuli are reported in Appendix.
Procedure. Participants completed both an immediate and a delayed reading task. They were instructed to read the stimuli that appeared on the computer screen by assigning a certain stress pattern (either on the penultimate or on the antepenultimate syllable), the same for all the trials of each block. Moreover, in the immediate task, they were instructed to read aloud the stimuli as soon as possible, whereas in the delayed task they were instructed to wait until the cue signal. A specific practice session (one for each stress pattern) was used to induce pronunciation with the specific stress pattern (either on the penultimate or on the antepenultimate syllable (see Procedure of Experiment 1 for full description).
During the experiment, each participant read one half of both experimental sets (three-and four syllable stimuli) applying pen- This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
ultimate stress and one half of both sets applying antepenultimate stress. Thus, each participant read one-fourth of the experimental list applying penultimate stress and one-fourth of the list applying antepenultimate stress in the immediate condition, and one-fourth of the list applying penultimate stress and one-fourth of the list applying antepenultimate stress in the delayed condition. Block order was arranged in such a way that participants always read the first two blocks by assigning the same stress pattern and the last two blocks by assigning the other stress pattern. The two blocks that received the same stress were each composed of three-syllable pseudowords and four-syllable pseudowords. Block order as well as the order in which participants were asked to assign each stress type (first penultimate or antepenultimate) and task order (first immediate or delayed task) were counterbalanced across participants. Stimulus order was randomized within each block. The trial sequence of the immediate task was identical to that of Experiment 1; in the delayed task, the only difference between Experiment 2 and the present experiment was that in the latter, the delay between the offset of the stimulus and cue indicating to respond was either 300 or 500 ms (instead of either 1,000 or 1,200 ms). The experiment was run using DMDX software (Forster & Forster, 2003) .
Results
Invalid trials due to technical failures (or responses that exceeded the time limit as well as responses shorter than 200 ms) accounted for 3.3% of the data points and were discarded from the analyses. Pronunciation times and errors (2.6% of all data points, including both phonemic and stress errors) were both analyzed using mixed-effects models. For random effects, a maximal random structure approach was adopted (Barr et al., 2013) . Results are reported in Table 6 .
Pronunciation times. The mixed-effects model was run on log-transformed RTs as dependent variable (Baayen, 2008) and stress type (antepenultimate vs. penultimate stress), stimulus length (three vs. four syllables), and experimental procedure (immediate vs. delayed) as fixed factors. The model showed a main effect of stress type (␤ ϭ Ϫ0.052, SE ϭ 0.022, t ϭ Ϫ2.14, p ϭ .03), with participants being faster in reading pseudowords with antepenultimate (592 ms) ratherthan with penultimate stress (622 ms). The main effect of the experimental procedure was also significant (␤ ϭ 0.271, SE ϭ 0.044, t ϭ 5.82, p Ͻ .001): Participants were slower in the immediate rather than in the delayed procedure. Finally, the interaction between stimulus length and experimental procedure was significant (␤ ϭ 0.223, SE ϭ 0.028, t ϭ 7.53, p Ͻ .001). The inspection of the interaction shows that stimulus length affects reading in the immediate procedure (␤ ϭ 0.166, SE ϭ 0.021, t ϭ 7.91, p Ͻ .001), but not in the delayed one (␤ ϭ Ϫ0.032, SE ϭ 0.019, t ϭ Ϫ1.69, p Ͼ .05).
Pronunciation accuracy. The model did not show any significant effect (stress type: z ϭ 1.24, p Ͼ .2; stress type ϫ stimulus length: z ϭ Ϫ1.35, p Ͼ .1; experimental procedure ϫ stress type ϫ stimulus length: z ϭ 1.16, p Ͼ .2; all other effects: zs Ͻ1, ps Ͼ.3).
The results of Experiment 3 nicely replicate those of the first two experiments: Stress assignment affects pseudoword reading irrespective of the experimental procedure, whereas the effect of stimulus length is restricted to the immediate reading task.
General Discussion
In the present study we investigated whether and how stress assignment affects polysyllabic pseudoword reading aloud in Italian. When an immediate reading procedure was adopted (Experiment 1), both stimulus length and stress type affected reading latency, with participants being faster when assigning antepenultimate rather than penultimate stress, and when reading shorter than longer stimuli. With a delayed reading procedure (Experiment 2) the stimulus length effect disappeared while only stress type still affected reading latency, with participants being faster in reading pseudowords with antepenultimate rather than penultimate stress. The effect of stress type was comparable in the immediate and delayed experiment. The results on pronunciation times were paralleled by those on pronunciation accuracy, with no evidence of any speed/accuracy trade-off. An identical pattern of results emerged in Experiment 3, in which a new set of stimuli was used in a within-participants design. Again, irrespective of the procedure involved, either immediate or delayed, stimuli receiving antepenultimate stress were read faster than those receiving penultimate stress.
These results are consistent with the idea that stress assignment affects articulatory planning of the stimulus to be read. If the difference in pronunciation latency between antepenultimate and penultimate stress pseudowords had arisen at any other preceding level of computation, it would have disappeared in the delayed reading aloud experiment as did the stimulus length effect. Since this was not the case, the effect of stress type has to be located in a different component than the length effect. While stimulus length may affect reading during orthographic encoding of the stimulus (e.g., Zoccolotti et al., 2006) and up to the assembling of the stimulus phonological code (Ferrand, 2000; Stenneken, Conrad, & Jacobs, 2007) , the effect of stress type may arise during the planning of stimulus articulation. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
The findings we reported, especially the persistence of the stress type effect in delayed pronunciation, shed new light on the operations involved in the planning and execution of articulation during reading aloud, and support the proposal advanced by Sulpizio and colleagues (2013) . According to these authors, stress location would affect the size of the units involved in the planning of articulation: such units would include the stimulus beginning up to the stressed syllable and readers would buffer a partial articulatory representation of the stimulus to be produced. This idea is based on the consideration that stress assignment is fundamental for starting articulation (Perry, Ziegler, & Zorzi, 2010) , mainly to determine the coarticulation properties of phonemes for rhythmic organization of syllables. In such a view, assigning stress to the antepenultimate syllable involves the articulatory planning of a smaller portion (i.e., either one or two syllables in three-and four-syllable pseudowords, respectively) rather than assigning stress to the penultimate syllable-which involves the planning of a two-or three-syllable unit (in three-and four-syllable pseudowords, respectively). As a consequence, the time needed to retrieve the articulatory programs for antepenultimate stress stimuli would be shorter than that needed for stimuli with penultimate stress, since the two stress patterns require a different number of items to be buffered as a lower limit for articulation (Levelt, 1989) .
Even assuming that the type of stress readers assign to a pseudoword may affect the planning of articulation, one might still ask why such an effect seems not to be modulated by our procedure manipulation, being comparable in the immediate and delayed reading tasks. To answer this question, we may consider the theory of motor control and execution proposed by Sternberg and colleagues (Sternberg, Knoll, Monsell, & Wright, 1988; Sternberg, Monsell, Knoll, & Wright, 1978) . According to this theory, response execution takes place through a series of operations (i.e., retrieval, unpacking, and execution of the motor program) that can be completed only by the moment at which production starts, that is, immediately in the immediate reading aloud condition, or after the start signal in the delayed reading aloud condition. The reasons why response execution would have to wait for the signal to be computed may be twofold: First, the building up and activation of a motor program would be tightly linked to its execution and the latter directly follows from the former. Second, the information in the motor buffer would be subject to a rapid decay and, for this reason, when a program is set up it has to be immediately used. The theory of motor control and execution might thus account for our pattern of results: Stress type affects pseudoword reading at the level of articulatory planning, that is, when the motor programs for stimulus articulation are retrieved, unpacked, and executed; moreover, since response execution is assumed to be tightly linked to the cue signaling the start of production, and the effect of stress type is assumed to occur at this moment, the immediate and delayed conditions are assumed to show a similar stress type effect. Note that assuming that the stress effect arises during planning of articulation does not necessarily imply assuming discrete stages of computation; rather, phonological encoding and planning of articulation may operate as cascaded processes (cf. Perret, Schneider, Dayer, & Laganaro, 2014) .
One might ask whether our account of the stress effect on pseudoword reading would also hold in the case of word reading. Some evidence for a stress type effect with real words comes from the study of Burani and Arduino (2004; Experiment 2) , who reported faster pronunciation times for antepenultimate-rather than penultimate-stress low-frequency words. However, no other study reported such effect. A possible explanation for the difficulty to detect the stress type effect with real words may refer to how readers activate the phonetic representation of the stimulus: When reading a known word, participants may activate the phonetic representation of the stimulus as a whole unit, since it has already been assembled several times; in contrast, when reading a pseudoword participants must convert the newly assembled phonological word in a phonetic representation that they have never articulated before and the phonetic encoding must occur online.
The difference in reading latency between antepenultimate-and penultimate-stress pseudowords allows for further considerations on the functioning of the phonological output buffer in reading. The reported stress type effect indicates that, at least for reading new stimuli, the articulatory planning unit is flexible and is linked to the number of elements the reading system must encode from the stimulus beginning up to the stressed unit (Sternberg et al., 1978 (Sternberg et al., , 1988 . Planning of articulation may proceed rightward incrementally and, as soon as the stressed unit is encoded, articulation may start being executed. Such a perspective seems to be functionally reasonable as, on the one hand, articulation cannot start until stress has been assigned and, on the other hand, there is no a priori reason to fully encode a long polysyllabic stimulus before starting its motor execution. Our proposal seems to be consistent with the prevalent view in the reading literature, which posits that the size of the articulatory unit is the full word (e.g., Rastle, Harrington, Coltheart, & Palethorpe, 2000) . In fact, most research in reading used monosyllabic stimuli: In this case, the stressed syllable unit overlaps with the full word. As a consequence, in the case of a monosyllable, the reader may start articulation after having encoded the full word. However, the assumption that word reading starts only after the full word has been encoded may be a byproduct of the use of monosyllables as stimuli.
If the interpretation we propose is correct, the minimal planning unit for reading a polysyllabic stimulus can be smaller than the full stimulus and correspond to a unit of flexible size spanning the stressed syllable. A similar proposal has been recently advanced for speech production, suggesting that, with polysyllabic words, the articulatory encoding may start before a full phonological encoding is accomplished and the speaker may thus begin to speak before she/he has encoded the whole stimulus (Meyer, Belke, Hacker, & Mortensen, 2007) .
The stress type effect we have reported does not easily fit within any current computational model of reading polysyllables (e.g., Arciuli et al., 2010; Perry, Ziegler, & Zorzi, 2014) . No extant model of reading considers how information in the phonological output buffer is planned for articulation and none has developed a phonology-to-phonetics interface. As a consequence, there is no current computational model of reading aloud that accounts for the operations involved in the planning of articulation-that is, how phonological codes are converted into phonetic representations and motor gestures. This stands as an important goal for future models that aim to provide a full account of the reading aloud process.
The results of our study suggest two main conclusions: First, the computation of stress may affect reading also beyond phonological retrieval and up to its final phases, by modulating the time required This document is copyrighted by the American Psychological Association or one of its allied publishers.
for articulation planning; second, in reading polysyllabic new stimuli, the smaller unit for articulatory planning has a flexible size going from the stimulus beginning up to the stressed syllable.
